Introduction
Cacao, Theobroma cacao, a diploid fruit tree species (2n = 20) originally designated a member of the Sterculiaceae family (PURSEGLOVE, 1974) , but recently re-classified into the Malvaceae (ALVERSON et al., 1999 ) is native to the humid tropical regions of the northern parts of South America, and the northern parts of Central America (CHEESMAN, 1944; CUATRECASAS, 1964) . However, since introduction in the late 19 th century, the West and Central African region has become the largest producer accounting for more than 70 % of the world's cocoa output of 3.592 million metric tons (ICCO, 2008) . Dried cocoa beans obtained from the cacao tree are the main products used in the chocolate and confectioneries industries worth an estimated US$70 billion annually in the United States alone and exports from producing countries worth US$5 -6 billion annually (GUILTINAN, 2007) . In Africa, cocoa production is predominantly a smallholders' enterprise with several hundred-thousand families depending on this cash crop for their livelihood and significant foreign exchange earnings for producing countries (RICE and GREENBERG, 2000, MOTAMAYOR et al., 2008) . Nigeria currently ranks fourth globally among cocoa producers, and in comparison with other agricultural commodities, cocoa makes the largest non-oil contribution to the nation's economic development and accounted for 65 % of total agricultural export in 2004 (AIKPOKPODION, 2007) .
Since the first introduction of cacao into Nigeria in 1874, when Squiss Ibaningo transported pods of 'Amelonado' cocoa from Fernando Po, there has been a series of additional germplasm introductions as reviewed by (BARTLEY, 2005; AIKPOKPODION, 2007) . However, formal selection programs and germplasm conservation started around 1931 by O.J. VOELCKLER at the Nigerian Department of Agriculture in Moor Plantation, Ibadan by the Colonial Administration. Further germplasm introductions of some Trinitario and Criollo selections from Trinidad and Ceylon, respectively, were made in 1933 (JACOBS et al., 1971) . Several materials belonging to Upper Amazon Forastero and Trinitario populations were also introduced from Trinidad by the West African Cocoa Research Institute (WACRI) into Tafo, Ghana in 1944 (TOXOPEUS, 1964 . In the mid-1960's, large scale introductions sponsored by the Cocoa Alliance of London was initiated in Nigeria which consisted of 313 clones and 701 seedling progenies derived from some 350 intra-Nanay, intra-Parinari, intra-Iquitos and inter-P (Pound's selections) crosses. Cocoa germplasm materials were also introduced from Costa Rica, Indonesia, Fernando Po, Kew Gardens (United Kingdom), Wageningen (The Netherlands) and Miami (USA) (JACOBS et al., 1971; OLATOYE and ESAN, 1992) . Although several hundred clones and accessions are now existing in the Nigerian field collection, there has been no study on the genetic diversity of this collection as is the case with many cacao germplasm collections worldwide (ZHANG et al., 2006a MOTILAL et al., 2009 , MOTAMAYOR et al., 2008 .
A rational and efficient use of available germplasm collection depends largely on the knowledge of the nature and amount of genetic diversity present in the collections as well as the relationships among various accessions. This knowledge can also guide in the formulation of appropriate breeding strategies for the development of improved planting materials and integration of useful diversity into the breeding program. Considering the current climate variability, disease pressure, land pressure due to increasing population and urbanization that makes less land available for new plantings, increasing cost of production due to increased labour wages, old age of farms and farmers, the use of improved germplasm for new plantings and rehabilitation of old plantations becomes imperative. This requires a judicious and an optimum use of available genetic resources to develop well-adapted improved cultivars.
The use of molecular markers provides the most efficient means of assessing the extent of genetic diversity in germplasm collections. An international consortium of scientists in academic centers and government sponsored laboratories involved in the cocoa industry have agreed to the use of a set of standardized simple sequence repeat (SSR) primers for characterizing cacao germplasm collections (SAUNDERS, 2004 , ZHANG et al., 2006a . The SSR marker system developed in cacao (LANAUD et al., 1999) has played significant role in increasing our understanding of the genetic structure and diversity in cacao germplasm (LANAUD et al., 2001; SERENO et al., 2006; ZHANG et al., 2006b; AIKPOKPODION et al., 2009 ), clone identification (CRYER et al., 2006 , SAUNDERS et al., 2004 identification of mislabelled clones (ZHANG et al., 2006a) , parentage analysis (SCHNELL et al., 2005) and of the origin and dispersal of cacao (MOTAMAYOR et al., 2002 (MOTAMAYOR et al., , 2003 (MOTAMAYOR et al., , 2008 .
In view of the growing interdependence of all cocoagrowing countries for testing and utilization of cacao genetic resources, which makes the characterization of these resources a matter of global importance, we used microsatellite markers to investigate the genetic diversity of field genebank collections in Nigeria. This information will be useful to determine how much of the global cacao genetic resources are represented in this collection, to what extent these have been used to develop varieties released to farmers and how to exploit useful germplasm for development of improved varieties in future breeding programs.
Materials and Methods

Plant materials and sample collection
Leaf samples used for generating DNA fingerprinting profiles were taken from trees of 243 cacao clones and accessions in field genebank locations of the Cocoa Aikpokpodion et. al.·Silvae Genetica (2010) 59-6, 273-285 1. Local Selections ('LOCAL') collected from the local population of West Africa cacao landraces available in the country at the inception of cocoa research in the early 1930s by earlier workers (LOCKWOOD and GWAMFI, 1979) . These were coded in the genebank collection as C-clones (C1-C38). This population is a mixture of both local Amelonado (green pods) and local Trinitario (red pods). 11. 1967 Trinidad Introduction ('GB-TRD') materials are bi-parental hybrid progenies of intra-Nanay and intra-Parinari clones introduced into Nigeria in 1967 (ATANDA, 1975 .
DNA extraction, Polymerase chain reaction (PCR) and Electrophoresis
Extraction of total genomic DNA from recently fully expanded leaves about two months old was performed following the procedure outlined by BHATTACHARJEE et al. (2004) , DNA concentration was adjusted to 2.5 ng.µL -1 . Twelve microsatellite markers previously reported (LANAUD et al., 1999) were used in this study. PCR amplification reactions were performed in a MJ research PTC 200 thermal cycler (MJ Research, Watertown, Mass) with 5 µL total volume, containing 0.5 µL of cacao DNA (~2.5 ng.µL -1 ). All PCR reactions contained 0.5 µL of 10X PCR buffer (10 mM Tris-HCl pH 8.3, 50 mM KCl), 0.5 µL of 25 mM MgCl 2 , 0.125 µL each of forward and reverse primer (10 mM), 0.1 µL of 10 mM dNTPs), 0.05 U.µL -1 of Taq polymerase (Bioline). The thermal cycling profile consisted of the following: 4 min denaturation at 94°C; followed by 32 repeats of the fol- lowing cycle: 94°C for 30 s, 1 min at 46°C or 51°C annealing temperature depending on primer, 1 min extension at 72°C, with a final 7 min 72°C extension. Capillary electrophoresis (CE) was performed on ABI PRISM ® 3100 Genetic Analyzer (Applied Biosystems) in a 36 cm capillary array using POP 4 (Applied Biosystems) as previously described by AIKPOKPODION et al. (2009) . Resulting data were analyzed with GeneMapper™ software version 3.5 (Applied Biosystems) for internal standard and fragment size determination. (PRITCHARD et al., 2000) of Local Selection population indicating probability of membership in group (-= less than 0.05 level of probability). LG = Linkage group, H nb = unbiased gene diversity, H o = observed heterozygosity, PIC = polymorphism information content, K = total no of alleles, A r = Allelic richness, F is = inbreeding coefficient of individuals within subpopulations, F it = inbreeding coefficient of individuals within total population, F st = amount of variation due to differentiation between subpopulations, CI = Confidence Interval, NS = not significant at P < 0.005. Aikpokpodion et. al.·Silvae Genetica (2010) 59-6, 273-285 
Data analysis
In the first step of analysis, an assignment test based on Bayesian method ( Table 1) was carried out to verify genetic identity of accessions in the 11 populations including parental clones representing primary reference populations such as Nanay (NA), Parinari (PA), Scavina (SCA), Trinitario (TRIN), Amelonado (AMEL) and Local Selection (LOCAL) populations. Five Amelonado reference samples (SIAL 20, SIAL 70, SIAL 84, SIC 19 and SIC 23) were included in the assignment test. The assignment probabilities were computed for each individual to determine the degree to which its genome was classified into each cluster. Assignment of individuals into the a priori primary populations (PA, NA, IMC, SCA, TRINITARIO and LOCAL) was set at not <90% probability. Individuals in the a priori grouping that did not meet the criteria were considered as mislabeled and excluded from subsequent analysis. The program GENALEX ver. 6 (PEAKALL and SMOUSE, 2005) was used for the assignment test.
Genetic diversity within and among loci and populations was estimated using the software package GENALEX ver. 6, GENETIX 4.0. 2 (BELKHIR, 2001) and FSTAT ver. 2.9.3 (GOUDET, 2001 ) for the following statistics: allelic frequencies, effective number of alleles (A e ) per locus for each population (the measure of the num- Table 4 . -Diversity parameters of 11 cacao populations in Nigerian field genebank based on 12 microsatellite markers. n = number of samples, H e = expected heterozygosity, H o = observed heterozygosity, P (0.95) = proportion of polymorphic loci when most frequent allele does not exceed 95.0 %, K = number of alleles with frequency > 5.0 % in each population, A = Mean number of alleles per locus, A e = effective number of alleles, F is = inbreeding coefficient of individuals within subpopulations obtained from 1000 Bootstrap at probability level at 95 %. (NEI, 1978) . Standard errors for the above parameters and confidence intervals at 95 % and 99 % levels were estimated over all loci by bootstrapping (1000 bootstraps) and jackknifing (QUENOILLE, 1956; EFRON, 1982) using 1000 replications. Genetic differentiation for polymorphism between pairs of populations was analyzed by Fstatistics estimator, F st (θ) (WRIGHT, 1965) , as described by WEIR and COCKERHAM (1984) based on 1000 permutations. F st (θ) values were then subjected to standard Bonferroni corrections (HOLM, 1979; RICE, 1989) to guide against type I error. Exact test of deviation of fixation indices for each locus from Hardy-Weinberg equilibrium was done with TFPGA (MILLER, 1997) software. For each SSR marker, the polymorphism information content (PIC) value was calculated according to POWELL et al. (1996) using the computer program CERVUS (MAR-SHALL, 1998). Genetic distance between pairs of population was estimated based on unbiased minimum genetic distance (D j ) according to NEI (1978) and clustered based on UPGMA using TFPGA (MILLER, 1997).
Genetic structure in the genebank was determined by a hierarchical analysis of molecular variance (AMOVA, EXCOFFIER et al., 1992) , implemented in GENALEX ver.6. The total molecular variance was partitioned as among population and individuals within population. The significance of Φ statistics was tested by permuta- tion with 1,000 randomizations for probability of nondifferentiation.
Population structure inference and ancestry of 243 samples were assessed with a Bayesian model-based clustering method, implemented in STRUCTURE (PRITCHARD et al., 2000) . Based on the known number of parental groups, the k value was set from 5 to 7 and the analysis was carried out in 200,000 iterations after a burn-in period of 100,000. Twenty independent runs were assessed for each k value. Results of the five iterations with highest score in each replicated run were combined using CLUMPP to generate the optimum alignment (JAKOBSSON and ROSENBERG, 2007) . Pair-wise genetic distances among individuals were computed in GENETIX 4.0.2 (BELKHIR, 2001 ) and presented on a three-dimensional scale plot using factorial analysis of correspondences (FAC) implemented in the same program.
Results
Assignment test and identification of mislabeling
With the prior classification of the genebank accessions into 11 population groups, the assignment test (Table 1) showed an error rate between 0.0 % (IMC, SCA, AMEL) and 20 % (NA, PA) in the parental accessions but higher error rate between 5.0 % (F 2 Hybrid) and 73.1% (F 1 hybrid) in the rest populations. For instance, in the NA population, two accessions, NA 48 and Ghn-NA31 were detected as off-types belonging to Trinitario and IMC populations, respectively. Accessions labeled PA 35 and PA7 in the field genebank were also detected as off-types. An accession labeled Nig-ICS1 in the Trinitario population was assigned to the Local Selection group. In spite of this high error rate in the a priori classification, the assignment test was able to correctly assign 93.6 % of individuals in their appropriate population groups. Sixteen incorrectly assigned and mislabeled individuals were excluded from subsequent analysis.
The assignment test also gave a clear differentiation among accessions in the Local Selections group ( Table 2) originally classified based on pod colour as 'local Amelonado' (green pods) or 'local Trinitario' (red pods). Accessions C17, C21, C26 and N38 were classified as truly Amelonado sharing profiles with the reference SIC and SIAL Amelonado reference samples. Clone C14 was classified into Trintario group, sharing profiles with Aikpokpodion et. al.·Silvae Genetica (2010) Trinidad's ICS reference clones. However, clones C13, C16, C23, C24 and C25, originally classified as 'Local Trinitario', were found to share alleles with local Amelonado. On the other hand, Clones C19, C22 and C27 were assigned as Upper Amazon's NA x PA hybrids and C20 as IMC x Trinitario hybrid from the Bayesian clustering implemented in STRUCTURE program ( Table 2) .
Genetic diversity assessment
A total of 218 alleles were obtained from the 234 accessions using 12 microsatellite loci ( Table 3) . The mean number of alleles per SSR locus (18.2) ranged from 14 for mTcCIR17 to 24 for mTcCIR18. However, the mean expected heterozygosity ranged from 0.512 for mTcCIR24 to 0.903 for mTcCIR3. The mean polymorphism information content (PIC) of the markers was 0.754 and ranged from 0.497 for mTcCIR24 to 0.892 for mTcCIR3. Fixation index (F is ) indicated excess of heterozyzotes for all 12 loci, eight of which showed significant deviation from Hardy-Weinberg equilibrium (Table 4) . However, the average fixation index indicated a general deficit of heterozygotes among sub-populations (F st = 0.213) and total population (F it = 0.135).
The mean number of alleles per locus for all 11 populations ranged from 3.25 for Amelonado population to 7.25 for F 1 Hybrid population ( Table 4 ). The effective number of alleles per locus also ranged from 1.34 in Amelonado population to 4.34 in the F 1 Hybrid population. However, the number of private alleles was highest in the Scavina population (0.75), while the IMC and NA population had none. The mean gene diversity (H e ) ranged from 0.20 for the Amelonado to 0.70 for F 1 Hybrid population. The pattern of observed heterozygosity (H o ) was not different from the expected (H e ) but generally lower than the expected heterozygosity, except for Amelonado and Genebank Selection populations ( Table 4 ). The number of alleles present was highest in the F 1 hybrid' population (k = 67) and followed by Scavina (k = 50). It was lowest in Amelonado (k = 20) and followed by Trinitario (k = 33). The Fixation index (F is ) was positive and indicated deficiency of heterozygotes in the Amelonado (0.142), Genebank Selection (0.050) and PA (0.013) populations ( Table 4) . On the other hand, it was negative for the rest populations such as IMC (-0.236), Trinitario (-0.230) and Local Selection (-0.145). This indicated that there was a significant excess of heterozygotes in these populations.
Population structure and genetic relationships
AMOVA showed that majority of the molecular variance (63.0 %) was contributed by the within-population variance ( Table 5 ). The among-population variance accounted for 37.0 % of total variance. The population structure inference and ancestry assessed with a Bayesian model clustering method (Figure 1) , based on known parental groups implemented in STRUCTURE (PRITCHARD et al., 2000) distinctly separated the IMC, NA, PA, SCA, Trinitario and Local Selection populations. However, the ancestry inference of accessions in the rest genebank populations indicated that they were mainly hybrids. Mislabeled and wrongly classified accessions were also identified.
Genetic differentiation between pairs of population ( Table 6 ) estimated with F st (theta) showed that the F 1 Hybrid population showed less differentiation from F 2 Hybrid, Genebank Trinidad Introduction and Genebank Selection than the other populations. Local and Genebank Selection also showed much less differentiation than others. The Nanay population showed the least differentiation from F 2 Hybrid and Genebank Trinidad Introduction than the other populations. The estimated unbiased minimum distance between pair of populations (Table 7) showed that F 1 Hybrid population had greater relationship with the PA, NA and IMC populations, while F 2 hybrid population was more related to NA and Local Selection populations. The NA and PA parental populations were more related to the Genebank Trinidad Introduction, while Local Selection and Amelonado populations were more related to the Genebank Selection population than others. The Local Aikpokpodion et. al.·Silvae Genetica (2010) ., 1999; PUGH et al., 2004) , and the optimization of fingerprinting procedures (ZHANG et al., 2006a; CRYER et al., 2006) have opened new opportunities to use microsatellite markers to both fingerprint and determine genetic diversity of germplasm collections. Until this study, there was no information available on the genetic structure of cacao genetic resources in Nigeria that has been used in more than seven decades of formal selection and breeding programme.
Verification of genetic identity and identification of mislabeled accessions
Although mislabeling and misidentification has been known in cacao collections, it was only recently that these have been estimated with the use of molecular markers (MOTILAL and BUTLER, 2003; BOCCARA and ZHANG, 2006; ZHANG et al., 2008) . The assignment test determines the population of origin of a single individual through Bayesian method (PRITCHARD et al., 2000) . This method needs only relatively small number of loci to detect a very strong signal of population structure and assign individuals appropriately. This has been used successfully to determine the structure of the cacao primary genepool (MOTAMAYOR et al., 2008) , 'Refractarios' (ZHANG et al., 2008) . Until this study, there has been no such information on cacao germplasm collections maintained in Nigeria.
In this study, we found that a number of accessions that were wrongly identified. For instance, accessions labeled Ghn-NA31, PA 35 and PA7 was found to be off- The genetic relationship among the 11 populations is illustrated by the dendrogram in Figure 2 . The 11 populations were divided into two main subsets. The first subset consisted of the Local Selection, Genebank Selection, Amelonado and Trinitario populations. Amelonado and Trinitario populations appeared to have provided parentage to accessions of the Local and Genebank Selection population groups in this subset. The second subset consisted of F 1 Hybrid, F 2 Hybrid, Genebank Trinidad Introduction, which appeared to have drawn parentage largely from the Nanay and Parinari populations. The Scavina and IMC populations appeared distantly related to the two main subsets. Factorial analysis of correspondence (Figure 3) accounting for 67.1% of total variance illustrates the relationships among field genebank accessions in the various population groups. It showed that accessions in the field genebank were more closely related to Nanay, Parinari, and Local Selections than to the Trinitario, Scavina and IMC populations which were clearly separated.
Discussion
The knowledge of the nature and amount of genetic diversity present in a germplasm collection is a major pre-requisite for exploitation of useful diversity in development of improved cultivars in breeding programs. The development of cacao microsatellite markers (LANAUD et Aikpokpodion et. al.·Silvae Genetica (2010) 59-6, 273-285 DOI:10.1515/sg-2010-0039 edited by Thünen Institute of Forest Genetics types. The genetic structure of the Local Selection population, originally classified based on pod colour as 'local Amelonado' (green pods) or 'local Trinitario' (red pods) was also elucidated with the assignment test used in this study. Accessions C17, C21, C26 and N38 were classified as truly Amelonado sharing profiles with SIC and SIAL Amelonado reference samples, while C14 was classified as Trintario, sharing profiles with Trinidad's ICS Trinitario reference clones. However, clones C13, C16, C23, C24 and C25 which were also originally referred to as Local Trinitario were found having Amelonado ancestry, indicating the hybrid nature of these clones. These clones could therefore be classified as 'Trintario-Amelonado' hybrids, and, distinguished from C14 with same SSR profiles as Trinitario ICS clones. A more surprising finding was the ancestry of clones C19, C22 and C27 that were assigned as Upper Amazon's NA x PA hybrids and C20 as IMC x Trinitario hybrid. These clones were originally believed to be Local Amelonado or Local Trinitario. This provides a very important clue to a limitation in past breeding programmes where these wrongly identified materials had been used in variety development. ROB LOCKWOOD (personal communication) had observed that the tree morphology and growth pattern of C19, C22 and C27, was atypical of local Amelonado, and had cast some doubt on their identity as Amelonado. However, till this study, there had been no scientific proof to support this observation. This finding that these local clones shared allelic profiles with Upper Amazon's Nanay, Parinari and Iquitos Mixed Calabacillo primary populations, therefore, indicated that cultivation of cacao having some Upper Amazon genetic background by local farmers in West Africa, especially Ghana and Nigeria predated the Posnette's 1944 Introduction, widely believed to be the first source of materials from the Upper Amazon population in West Africa. It also showed that apart from the Bahian 'Comum' Amelonado cocoa and red-podded Trinitario cocoa that were regarded as the base population in farmers' fields, some materials of Upper Amazon population had also reached farmers' plots before the inception of organized breeding programme in the early 1930s by the colonial administration in Nigeria. BARTLEY (2005) mentioned that although there had not been records of the original plantings, some varieties from Ecuador, Trinidad and Venezuela were introduced into Sao Tome around 1880, besides earlier introduction of Amelonado from Bahia in 1822. Seeds from these introduced materials were distributed to several farms during a period of active cultivation expansion. We can therefore suggest that some materials of Upper Amazon Forastero origin were among earlier materials introduced from Fernando Po into the West African mainland. These non-Amelonado materials could also have been introduced into the country through undocumented means or from other sources as the Kew Botanical Gardens by the colonial administration.
Since the structure analysis showed that a large percentage of the accessions were hybrids, it would be necessary to determine the ancestry of these accessions in order to facilitate their effective utilization in breeding program. The correctly verified accessions will also be useful as reference materials in the collection while mislabeled ones are removed from the genebank. This study provides a basis for the rationalization of the Nigerian field genebank collection of cacao in view of the cost and mislabeling problems involved in maintaining living tree collections.
Population structure and genetic variation
In this study, a total of 218 alleles were revealed from 12 microsatellite markers used to determine the genetic diversity in 11 populations consisting of 234 clones and accessions sampled from the germplasm repository of the Cocoa Research Institute of Nigeria. High levels of polymorphism were observed in the loci used with the number of alleles generally higher than reported by LANAUD et al., 1999 ( Table 2) . While equal number of alleles as observed by LANAUD et al. (1999) for mTcCIR6, mTcCIR18 and mTcCIR25 were obtained in the samples studied, certain markers exhibited an up to three-fold increase in numbers of alleles. For instance, 23 alleles per locus were obtained for mTcCIR3 against 6 alleles per locus reported by LANAUD et al. (1999) . The higher number of alleles obtained in this study could be explained by the higher number of samples, different genotypes and use of capillary electrophoresis (CE) system which allowed the detection of more alleles as could not be done with gel-based staining system, as was also observed by SERENO et al. (2006) . Capillary electrophoresis is a high throughput system that allowed detection of a single base pair difference and is highly reproducible between laboratories (ZHANG et al., 2006a; CRYER et al., 2006) .
Although gene diversity was low for the Amelonado population, it was generally high in the other field genebank collections ranging from 0.500 in the Local Selection to 0.70 in the F 1 Hybrid population. The F 1 hybrid population introduced into West Africa from Trinidad in 1944 (POSNETTE and TODD, 1951 ) presents a unique genetic makeup. The high genetic diversity (H nb = 0.70) indicated high amount of genetic diversity in this population and the highest number of alleles per locus (7.25). This is an important source of genetic diversity that could be exploited to deal with production problems such as resistance to Phytophthora pod rot and drought. This wide genetic background which cuts across major primary populations could have been responsible for the large amount of gene diversity observed in this population. Although largely of Upper Amazon origin, a good proportion of the F 1 hybrid population which constituted the T-Clones used in the West African cocoa breeding programmes were of Trinitario and Criollo origin. Out of 59 hybrid crosses of the first batch of this population where only the mother tree is known, 27 are of Criollo and Trinitario origin, 15 of Upper Amazon, and eight were obtained from Ecuador. In the second batch of bi-parental crosses of known parents, 16 were of full sib Upper Amazon origin; five of Upper Amazon x Criollo or Trinitario, and eight of Trinitario or non-Upper Amazon origin. This wide genetic background could have been responsible for the large amount of gene diversity observed in this population and the large number of rare and distinct alleles not present in their Upper Amazon Forastero or Trinitario parents. This could be explained by a large proportion of this population that was obtained from open pollinated mother trees (T1-T59) (TOXOPEUS, 1964) . It would be important to further study this unique population not present anywhere else in the world for any unique attributes these clones might possess. SERENO et al. (2006) also stressed the importance of germplasm collections when they found several distinct alleles in CAB (Cacao Amazon Brazil) accessions collected from Lower Amazon region such as Alenquer, Para State in Brazil (BARTLEY, 2005) .
Examination of the fixation index showed a significant deficiency of heterozygotes in Amelonado population which is consistent with reports by other workers (MOTAMAYOR et al., 2008; SERENO et al., 2006) . The inbreeding coefficient (F is ) is one of the most important parameters used to describe the mating systems in flowering plants and inference is drawn from the distribution of allelic variation into genotypes and by comparison of observed genotypic proportions with those expected at Hardy-Weinberg equilibrium (HAYATI et al., 2004; OHTSUKA et al., 2005) . Iquitos Mixed Calabacillo, Scavina, F 1 Hybrid, F 2 Hybrid, Genebank Trinidad Introduction and Local Selection populations exhibited significant excess of heterozygotes. This indicated an outcrossing mating system and preponderance of self-incompatibility in these populations. On the other hand, Parinari, Genebank Selection and Amelonado popu lations showed deficit of heterozygotes. This suggests a tolerance to inbreeding in these populations. Studies have shown that degree of selfing varies often within a genus or within a species (SWEIGART et al., 1999; OHTSUKA et al., 2005) . This implies a need to study the compatibility status of the genebank entries in order to determine the self-compatibility status, or otherwise, of the accessions to facilitate their effective utilization in breeding program.
Estimate of pair wise genetic differentiation among the populations indicated that significant differentiation occur between the pairs of population. However, it appeared that F 2 hybrid population and Genebank Trinidad introduction are less differentiated as the case with the Local Selection and Genebank Selections' populations. The latter situation could have been due to the use of clones in the Local Selections group in the development of population in the Genebank Selections population, such as the WACRI Series II variety which was a cross between Local Selections and some F 1 hybrid clones (ATANDA, 1975) . The genetic differentiation of the Genebank Selections population from the F 1 hybrid, F 2 Hybrid and Upper Amazon populations indicated that only a small proportion of the genetic diversity in these groups have been utilized in variety development in more than four decades of cocoa breeding research at the Cocoa Research institute of Nigeria.
In an attempt to determine the level of utilization of the genetic diversity present in the genebank and populations that have had influence on varieties developed and distributed to farmers, results obtained showed clearly that the Upper Amazons Nanay, Parinari and Iquitos Mixed Calabacillo are the main ancestral progenitors of F 1 Hybrid population. However, the Nanay population contributed largely to the F 2 Hybrid population. The Genebank Selections derived mainly from Local and Amelonado. The Local Selection population derived mainly from the Amelonado and Trinitario population. The cluster diagram also showed that Upper Amazons Scavina, Iquitos Mixed Calabacillo and Trinitario populations are yet to be significantly exploited in variety development efforts. Moreover, the higher proportion of private alleles in Scavina, Genebank Trinidad Introduction and F 1 Hybrid populations showed that they are yet to be fully exploited for variety development. Important alleles locked up in these populations may be useful to address key production constraints. For instance, useful resistance to Phytophthora pod rot and witches broom associated with the Scavina population and the large bean size of Iquitos Mixed Calabacillo population may have been little utilized in the breeding program. In this study, we showed that only a small proportion of genetic diversity available in the Nigerian germplasm collection has been utilized for the development of improved varieties distributed to farmers. Most of clones that have been used in cacao breeding at CRIN have originated mainly from the Parinari and Nanay populations and the bulk of the 1967 Trinidad Introduction materials used were mainly intra-Nanay and intraParinari crosses (ATANDA, 1975; OJO et al., 1991) . This study revealed the need for guided exploitation of useful diversity in Scavina and Iquitos Mixed Calabacillo populations for development of cultivars to address production problems such as Phytophthora pod rot, swollen shoot virus disease and bean quality in future breeding program.
